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ABSTRACT 
Three  research  efforts of interest  to  transport  airplane  designers  are 
reviewed.  The  first  study  is  one in which the optimal-control  model  for 
pilot-vehicle  systems  was  used  to  develop  a  methodology  for  predicting  pilot 
ratings  for  commercial  transports.  The  method  was  tested  by  applying  it  to 
a  family of transport  configurations  previously  evaluated  by the Douglas 
Aircraft  Company on their  motion-base  simulator,  and  for  which  subjective 
pilot  ratings  were  obtained. 
The  second  study  is  an  extension of the  first  in  which  specific  attention 
will  be  given to the  development of the  simulator  program  and  procedures so as 
to  yield  objective  and  subjective  performance  data  useful  for  a  critical 
evaluation of the  analytical  method.  This  study  was  started  in  September 1980 
The  third  activity  is  a  proposed  program  for  investigating the influence 
of flexible  modes on transport  aircraft  flying  qualities.  This  activity  will 
include  control  system  design,  analysis of vehicle  dynamics  (open  and  closed 
loop),  motion-base  simulator  studies,  and  variable-stability  airplane  tests. 
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AIRPLANE LONGITUDINAL  STABILITY  CHARACTERISTICS 
The p i l o t  r a t i n g  p r e d i c t i o n  method was t e s t e d  by applying i t  t o  a number 
o f  s u b s o n i c  t r a n s p o r t  c o n f i g u r a t i o n s  e v a l u a t e d  by Douglas Aircraf t  Company on 
a mot ion-base  s imula tor  and  for  which  p i lo t  op in ion  da ta  had  been  repor ted  i n  
NASA TM X-73. The c o n f i g u r a t i o n s  t y p i f i e d  a i r p l a n e s  w i t h  v a r y i n g  d e g r e e s  o f  
l o n g i t u d i n a l  s t a b i l i t y ,  a n d  t h e  s h o r t - p e r i o d  modal c h a r a c t e r i s t i c s  v a r y  f r o m  
t h e  c o n v e n t i o n a l  o s c i l l a t o r y  a n d  well-damped mode t o  two a p e r i o d i c  modes wi th  
va ry ing   d ive rgence  rates.  F l i g h t  p a t h  s t a b i l i t y ,  dy/dV,  ranged  from s t a b l e  
( n e g a t i v e )  v a l u e s  t o  d i v e r g e n t  v a l u e s ,  a n d  t h e  mean p i l o t  r a t i n g s  v a r i e d  f r o m  
s a t i s f a c t o r y  (2 .5)  t o   unaccep tab le  (8.3). The mis s ion   s imula t ed  w a s  a n  ILS 
approach  wi th  cockp i t  mo t ion  and  tu rbu lence  and  wi th  cons t an t ,  s a t i s f ac to ry  
l a t e r a l - d i r e c t i o n a l  c h a r a c t e r i s t i c s .  
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CdNSTANT,  SATISFACTORY  LATEXAL-DIRECTIONAL  CHARACTERISTICS 
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Figure 1 
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PROCEDURE  FOR  PREDICTING PILOT RATING 
There are f i v e  b a s i c  e l e m e n t s  i n  t h e  m e t h o d o l o g y  f o r  p r e d i c t i n g  p i l o t  
r a t i n g .  T a s k  d e f i n i t i o n  r e q u i r e s  s p e c i f i c a t i o n  o f  a i r c r a f t  c o n f i g u r a t i o n ,  
miss ion ,   such  as l and ing   approach ,  and atmospheric  environment.   Subtasks 
are those  e lements  of the  t a sk  wh ich  may be independent ly  analyzed and evalu-  
a t e d  b y  t h e  p i l o t  a n d  f o r  t h i s  s t u d y  i n c l u d e d  a l t i t u d e  s t a t i o n  k e e p i n g ,  g l i d e  
s l o p e  c a p t u r e ,  a n d  g l i d e  s l o p e  t r a c k i n g .  D e f i n i t i o n  o f  p e r f o r m a n c e  c r i t e r i a  
i n v o l v e s  t h e  s p e c i f i c a t i o n  o f  terms t o  b e  i n c l u d e d  i n  t h e  q u a d r a t i c  p e r f o r -  
mance index  as w e l l  as the  we igh t ing  cons t an t s .  Pe r fo rmance  i s  t h e n  p r e d i c t e d  
as a func t ion  of  workload  which  in  th i s  method i s  d e f i n e d  as mental  workload 
and i s  synonomous w i t h  a t t e n t i o n .  S e v e r a l  c a n d i d a t e  p i l o t  r a t i n g  e x p r e s s i o n s  
f o r  l inear combinations of performance and workload were eva lua ted  th rough  
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Figure  2 
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COMPARISON  OF  PREDICTED AND EXPERIMENTAL  RATINGS 
Experimental  mean p i l o t  r a t i n g s  a n d  t h e i r  s t a n d a r d  d e v i a t i o n s  are p r e s e n t e d  
f o r  the t e s t  c o n f i g u r a t i o n s  a l o n g  w i t h  p r e d i c t e d  v a l u e s .  For mos t  o f  t he  t e s t  
c o n f i g u r a t i o n s  t he  agreement between t h e  mean e x p e r i m e n t a l  r a t i n g  a n d  t h e  
p r e d i c t e d  r a t i n g  i s  l e s s  t h a n  o n e  r a t i n g  number which i s  c e r t a i n l y  good f o r  
s u b j e c t i v e  r e s u l t s .  The s t a n d a r d  d e v i a t i o n s  o f  e x p e r i m e n t a l  r a t i n g s  are unfor- 
t u n a t e l y  l a r g e  f o r  many of  t h e  c o n f i g u r a t i o n s  as a result of a small d a t a  set 
and r ende r  some o b s c u r i t y  t o  the  comparisons.  No e x p l a n a t i o n  i s  a v a i l a b l e  f o r  
t h e  a p p a r e n t  l a r g e  d i s c r e p a n c y  i n  t h e  d a t a  f o r  c o n f i g u r a t i o n  8 i n  which the 
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EXPERIMENTAL CONFIGURATION 
Figure  3 
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BOLT BERAlJEK AND NE\d"AN/DOUGLAS  AIRCRAFT CO. PHASE I1 STUDY 
The r e s u l t s  o b t a i n e d  i n  c o m p a r i n g  t h e  p i l o t  r a t i n g  p r e d i c t i o n  method w i t h  
the  sub jec t ive  p i lo t  op in ion  da ta  f rom the  Doug las  s tudy  were encouraging and 
have prompted a fo l low-on  e f fo r t  i n  wh ich  s imula to r  test procedures  w i l l  be 
d e s i g n e d  t o  p r o d u c e  b o t h  o b j e c t i v e  a n d  s u b j e c t i v e  r e s u l t s  i n  a form compatible 
t o  t h e  a n a l y t i c a l  method. Subtasks w i l l  be s e l e c t e d  for r a t i n g  by t h e  p i l o t s ,  
and an at tempt  w i l l  be  made t o  s t a n d a r d i z e  t h e  tes t  maneuvers and the method 
used i n  a r r i v i n g  a t  a compos i t e   r a t ing .   Pe r fo rmance   c r i t e r i a ,   o r   expec ta t ions ,  
w i l l  b e  o b t a i n e d  f r o m  p i l o t  q u e s t i o n n a i r e s  and interviews, a n d  e f f o r t s  w i l l  be 
made t o  a r r i v e  a t  a common set  of c r i t e r i a .  I n  a l l  t h i s  e f f o r t ,  a s i g n i f i c a n t  
test p i l o t  p a r t i c i p a t i o n  i s  e s s e n t i a l .  A ma jo r  add i t ion  to  th i s  p rogram w i l l  
b e  t h e  a c q u i s i t i o n  of q u a n t i t a t i v e  d a t a ,  w h i c h  w i l l  p r o v i d e  a n o t h e r  b a s i s  o n  
which to  test t h e  a n a l y t i c a l  method. 
EXPER I MENT DES I GN 
SUBTASKS 
PERFORMAACE CRITERIA 
P I LOT ROLE 
DATA  OUTPUT 
TIME  HISTORIES OF AIRPLANE  MOTIONS,  CNTROLLER IFdPUTS 
MEAN AND STANDARD DEVIATIONS OF PERTINENT  VAR1:ELES 
Figure  4 
41 
INFLUENCE OF FLEXIBLE MODES ON TRANSPORT  AIRCRAFT 
FLYING QUALITIES, RIDE QUALITIES, AND PILOT OPINION 
Wi th in  the  Advanced Con t ro l s  RTOP a program has b e e n  i n i t i a t e d  t o  
i n v e s t i g a t e  t h e  f l y i n g  q u a l i t i e s  a n d  r i d e  q u a l i t i e s  o f  f l e x i b l e  t r a n s p o r t  
a i r p l a n e s .  T h i s  a c t i v i t y  w i l l  i n c l u d e   c o n t r o l   s y s t e m   d e s i g n ,   a n a l y s i s   o f  
vehic le  dynamics  (open  and  c losed  loop) ,  mot ion-base  s imula tor  s tud ies ,  
a n d  v a r i a b l e - s t a b i l i t y  a i r p l a n e  tests. The i n i t i a l  e f f o r t  w i l l  be  a s t u d y  
o f  f l e x i b l e  v e h i c l e  d y n a m i c s  f o r  a d v a n c e d  t r a n s p o r t s  t o  i d e n t i f y  f l e x i b l e  
and r i g i d  body  modes; t o  a s c e r t a i n  w h i c h  s t r u c t u r a l  modes i n f l u e n c e  f l y i n g  
q u a l i t i e s ,  r i d e  q u a l i t i e s ,  a n d  c o n t r o l ;  t o  d e t e r m i n e  r e d u c e d - o r d e r  math 
models of vehicle  dynamics f o r  use i n  p i l o t e d  s i m u l a t o r  s t u d i e s ;  a n d  t o  
e v a l u a t e  c a p a b i l i t y  o r  l i m i t a t i o n s  o f  m o t i o n - b a s e  s i m u l a t o r s  t o  r e p l i c a t e  
vehic le   mot ions .  The e n t i r e  e f f o r t  is expec ted   t o   ex t end   ove r   abou t   fou r  
y e a r s .  
INILESTONES: 
o ANALYSIS OF VEHICLE DYNAMICS AN3 PRELIXINARY  FLYING QUALITIES 
CRITERIA, FY 81-82 
0 DEVELOPMENT OF MOTION-BASE  SIMULATOR MATH MODEL, FY 81-82 
0 C3NDUCT MOTION-BASE SIMULATIOY PROGRAM, FY 82 
0 DEVELOPMENT OF CANDIDATE COillTROL LANS FOR FLEXIBLE TRANSPORT, 
FY 82-83 
0 CONDUCT IN-HOUSE MOTION-BASE SIMULATOR STUDY TO VALIDATE 
CRITERIA, FY 83-84 
0 FSAA OR VARIABLE-STABILITY A1RPLA:dE TESTS OF FLYING QUALITIES, 
FY 84-85 
Figure  5 
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